In this paper, we describe our work with the Arthritis Source website and our efforts to develop a community of learners in that context. We argue that given proper architectural support, efforts to listen to learners can effectively foster collaboration between the authors of an informational web site and its users and help community building among its users through a dynamic knowledge base.
INTRODUCTION
Informational web sites are not traditionally seen as collaborative technologies. In this paper, we wish to reexamine this notion by describing the collaborative learning underpinnings of our current and future work on an informational web site. The vehicle of this study is the Arthritis Source, a web-based information resource providing learners-at-large with information about arthritis. The content of this site is intended to serve as an online arthritis information source primarily for people with arthritis. It also serves relations of people with arthritis, primary care physicians, medical professionals, and students. In our work with the Arthritis Source, we have had to explicitly consider what our users need, what we as designers should provide, and what our authors (those experts who generate current and future content) will need to provide over time.
In this paper we discuss how the design of the Arthritis Source has evolved to embody a knowledge-building community perspective as the driving framework. We are moving toward a version of the Arthritis Source that will be inquiry based; users are able to review existing content and submit new questions that drive the development of new content. This redesign transforms the Arthritis Source from its original state as a static, encyclopedic object into a community of inquiry and practice where users learn from each other's questions and shape the growth of the knowledge base. In this effort, a community of designers, content authors, and users of the website each learn from the others.
CURRENT MEDICAL INFORMATION WEBSITES AND ASSOCIATED PROBLEMS
Health information websites represent an important and challenging context for educational technology research. Recent studies estimate that 60 million Americans regularly use the Web for health or medical information (Pew Internet & American Life Project, 2000) . These website visitors represent learners-at-large -learners outside of traditional schooling venues. They represent people engaged in lifelong learning about topics that are personally relevant. They are highly motivated learners who are ready to put what they learn into practice. Efforts to study web-based information systems in these contexts can shed light on issues broader than just health information websites. Issues such as learner-centered curriculum design, collaborative knowledge-building, and dynamic website content creation are also important themes in work in this area.
Medical information websites come in a variety of forms and have a variety of functions. Some highly ranked general health Web sites include: Allhealth.com, CBS Health Watch, DrKoop.com, Intelihealth.com, Onhealth.com, and WebMD.com . Popular condition-specific Web sites are: American Academy of Allergy, Asthma, and Immunology; American Cancer Society; American Obesity Association; Athealth.com on depression; Cancernet on breast cancer; Depression.com; MyAsthma; National Heart, Lung, and Blood Institute; National Institute of Mental Health; National Library of Medicine; Obesity Online; Oncolink; and Yahoo (Cyber Dialogue, 2000; PC Data, 2000) . The volume of online health-related material indicates that medical websites and health information have become increasingly important.
Interest in the roles and effectiveness of such websites has led to several recent studies of the effectiveness and quality of medical information websites in different domains. For example, Hoffman-Goetz and Clarke (2000) studied the quality of breast cancer sites; Griffiths and Christensen (2000) studied the quality of depression sites; and Chen and Minkes (2000) studied the quality of pediatric surgery sites. A recent RAND study (Berland et al. 2001) identified three major types of complaints from users of medical information websites: 1) incomplete answers to important health questions; 2) information overload from search engines that return vastly more irrelevant results than useful ones; and 3) use of complex technical language that is not geared for the general population. Conclusions from such studies illustrate how medical information sites have shortcomings as learning tools and thus suggest that such sites may fail to achieve their purpose. A number of important design decisions can be identified from these findings. For example, designers must decide how to present relevant and sufficiently useful information to their Web site visitors; authors must consider legal and ethical implications involved in providing medical information and advice; editors must be sensitive to users' language comprehension levels and organize information in a manner that allows the web site visitor to benefit from the web visit experience. Our work with the Arthritis Source builds on these types of concerns as well as some of our own.
MOVING TOWARD KNOWLEDGE-BUILDING COMMUNITIES IN INFORMATIONAL WEBSITES
The Arthritis Source, when we first interacted with it in 1999, was already a successful website. It was getting thousands of hits per day and users were submitting unsolicited compliments through emails. The site covered approximately 100 topics related to arthritis and incorporated a variety of media such as movies demonstrating the proper approach to arthritis-relevant exercises.
At the same time, we knew we wanted to make changes to the Arthritis Source website -to update the information, to address the types of concerns emerging from studies of such informational websites, and to make the information more learner-centered. Specifically, we knew that (a) we wanted to add more content, but we did not know how to choose new content to add nor how to support the writing of additional content; (b) we wanted to expand the content, but the existing content had not been written in a way that made changes easy; and (c) we wanted to help users find relevant information since we knew this was sometimes a challenge. To address these issues, we wanted a solution that would be scalable (we can continue to expand the website) and enhancable (we can make changes with reasonable levels of effort). We also recognized quickly that the information designers, content authors, and users needed to come together in order to collaborate on the most effective site.
In making our changes, we have adopted a knowledge-building community perspective. We are using this perspective as a way of thinking about how the various users of the Arthritis Source will interact with the site, with the content authors, with the designers, and with each other. In this section, we relate the knowledge-building community perspective to the patient education content in which we are interested. In the subsequent sections, we describe our efforts to achieve the knowledge-building community vision.
The role of community in knowledge construction has been an important theme in recent educational research (e.g, Scardamalia and Bereiter, 1994; Hewitt and Scardamalia, 1998; NRC, 1999) . This emphasis has many origins. Vygotsky's work underscores the valuable contribution that interaction with others has on the development of personal knowledge (Vygotsky, 1978 ). Latour's work in the nature of scientific communities underscores the role that the community has in determining what appears to be production of knowledge by individuals (Latour, 1987) .
More recently, educational researchers have explored the creation of communities of learners in formal learning contexts. For example, Ann Brown explored the feasibility and effectiveness of transforming a standard classroom instructional practice (in this case, the reading group) into a revised instructional practice built upon a community of learners perspective. Furthermore, she demonstrated through various studies that this approach can enhance learning as measured by traditional methods (Brown and Campione, 1990) . Others have focused on designing technologies that support transforming groups of learners into communities, specifically knowledge-building communities. For example, Scardamalia and Bereiter have developed and studied CSILE (Scardmalia and Bereiter, 1994; Scardamalia and Bereiter, 1991) . CSILE, which stands for Computer Supported Intentional Learning Environment, provides a database to which students contribute information. More importantly, the students who use CSILE to create a shared repository of knowledge become a knowledge-building community in which knowledge production processes become visible to others.
Work in knowledge building communities, such as that described above, has helped to highlight critical features of a knowledge-building community and the benefits that can occur when a knowledge-building community perspective is adopted. In a knowledge-building community, a variety of people contribute to the accumulation of knowledge, different people can contribute in different ways, the knowledge-base builds up over time, and there are standards of quality for what belongs in the knowledge-based. The members of the community learn from each other by being exposed to both the products and process of the knowledge creation activities, which benefits them all. The feedback and interest a community provides to a learner can motivate the learner to sustain his or her engagement in knowledge-building activities. Additionally, a knowledge-building community perspective suggests the possibility that learners are pursuing their own interests at their own pace while still contributing to the whole and learning from others.
In the case of patient education and our work with the Arthritis Source, the knowledge-building community vision seems to align well with the challenges of supporting patient learning. For example, patients (or more generally, those interested in medical conditions) have a variety of different needs. Users of the information site may benefit from directing their own knowledge construction activities, being exposed to the knowledge construction activities of others, and/or directing the knowledge that is available to the entire community.
GETTING THERE: OUR WORK ON MEDICAL INFORMATION WEBSITE REDESIGN
In our work on the Arthritis Source since 1999, we have addressed issues that moved us closer and closer to the realization of the Arthritis Source as a knowledge-building community. In our research, we have emphasized characterizing the community of people we hoped to serve and identifying the types of knowledge needs in the community. This research has resulted in a significant revision to the Arthritis Source. The Arthritis Source can now be described as a system of site architecture and content development processes that make it possible for different members of the knowledge building community to contribute. The system helps to identify the community's knowledge needs, build that information into the site, and continuously evaluate the effectiveness of the existing content.
Who is in the community: results of a online survey
Our earliest work with the Arthritis Source consisted of various efforts to "know thy learner" so that we could create a site that was more learner-centered. We used a variety of methods to learn who was visiting the website and what they were doing during their visits. For example, we studied log files and we invited visitors to send emails. We also spent some time understanding the needs of people with arthritis, regardless of whether they were visiting the site yet or not. For example, we analyzed conversations in bulletin boards devoted to arthritis issues and observed patient education forums held at the University of Washington. Each of these activities has contributed to our understanding of the community of learners for which we are designing the system. One of our most comprehensive activities has been our use of a web-based online survey in which users of the site provide us with information about themselves and their visit (Turns and Liu, 2000) . This survey was developed during the 1999-2000 academic year through collaboration between learning scientists and technical communication experts So what have we learned about the community that we are currently serving? The following results are based on the analysis of approximately 200 survey responses collected between September and December of 2000. In general, we have found that typical visitors of the Arthritis Source are individuals with an arthritic condition, between 41-60 years of age, and live in North American suburban communities with easy access to general practitioners and specialists. They typically use search engines or follow website links to find information on the Internet. We know much more, however, than a profile of our typical user.
We have learned that our users represent people from a variety of age groups, education levels, geographical locations, and communities (see Figure 1) . The age distribution based on 162 responses has a bell-curve distribution, with the curve centered on the 41-60 range and the tails extending relatively smoothly to 18 and 80. We have discovered similarly varied characteristics for participants' educational levels (60% with a high school or associate degree, 40% with college or graduate degrees), geographic locations, home community, and computer expertise.
Regarding users' computer expertise, our survey indicates a wide diversity of the users' computer skills. While there are users with advanced computer skills, most users engage in basic tasks such as sending emails or bookmarking a web page. Thirty-nine percent of respondents found the Arthritis Source via a search engine. The users' confidence levels for their computer competencies further indicate that the users need not perceive themselves as sophisticated computer users to visit an informational website.
Figure 1. Information about who is in the community
More to the issue of an arthritis-related site, we have learned that the majority of the participants identified themselves as people with arthritis (61%) or friends and relatives of a person with arthritis (8%), as shown in Figure  1 . Six (of the 192 participants who answered this question) identified themselves as medical professionals (4%), one as a medical student (1%), three as students not studying medicine (2%), and four as researchers (2%). It is arguable that the population of people with arthritis is over-represented in the sample population because people with arthritis would be more motivated to participate in the online survey. However, these results strongly suggest that while the audience of the Arthritis Source site may be primarily people with arthritis, the audience also includes a variety of other user types. We have also learned that the visitors have a variety of different arthritisrelated conditions. Of the 97 patients who were officially diagnosed, 31% were diagnosed with Osteoarthitis, 29% with Rheumatoid Arthritis, 16% with Fibromyalgia, and 11% with Psoriatic arthritis.
We asked our users about the purpose or reason for visiting the site and learned that the different users have many different reasons. The most often cited reasons for visiting the site were to get information about a condition and to find information about pain management. Another frequently cited reason for visiting the site was to find information on related surgical procedures and rehabilitation. Users also were looking for ways to find emotional support. For example, users suggested -"I was mainly looking for information on Pagets disease or some kind of support group that may exist.", "I would like to talk to someone with similar symptoms of ….", "I would like to see some information from people who live with this disease and how they cope", "To find an organization to join…", and "It would be good if there were some sort of links for finding hematologists /neurologist /orthopedic surgeons and support groups for various geographic area".
As a final point, we learned about how informational websites such as the Arthritis Source fit into the overall information search strategies of our community of learners. When given multiple choices on what information sources the respondents used to get information on arthritis, 74% said they used websites, 51% used brochures, 43% got information from books, 38% from newspapers and magazines, 30% from medical journals, 22% from other sources, and 10% from internet groups (news groups, chat rooms, bulletin boards).
What types of knowledge needs does the community have: Efforts to identify their questions
The type of information we have learned from the online survey has helped us better understand the characteristics of members of the community. However, more important than the descriptions of people using the site is our One of our primary methods of investigating the user community's knowledge needs was a phone interview study. The phone interviews were a follow-up to the online survey. The goal of the interview was to explore participants' interactions with the website as well as explore their understanding of their arthritic conditions. We anticipated that both topics would provide insight into knowledge needs.
Phone interviews lasted between 20 and 50 minutes and were guided by a set of predetermined, open-ended questions. However, patients were encouraged to freely express their thoughts and perceptions in order to allow important user issues to emerge (Burgess RG, 1982) . Phone interviews were taped, the tapes were transcribed verbatim, and the transcripts were checked for accuracy. Interviews and preliminary analyses were conducted concurrently to allow emerging themes to influence subsequent interviews. Codes were applied to sections of text based on the emerging themes. New codes were added as new themes emerged according to the constant comparative method (Pope, Zeiblan, and Mays, 2000) . The three person research team met frequently to discuss data interpretation and to agree on recurrent patterns and thematic categories in the transcripts. Twenty people with clinically diagnosed Rheumatoid or Osteoarthritic conditions were interviewed by phone.
After much discussion about how to represent knowledge needs, we decided to document knowledge needs through questions. As will be apparent later, we have found questions to be a useful building block for design. Our analysis of the transcripts suggested that users could be said to have two categories of questions. The first category consists of explicit questions, those which the users come to the site holding and actively attempting to answer. The second category consists of "implicit questions," those which suggest information the users need to gain in order to address either questions they hold or in order to correct a misconception. Implicit questions are not questions the user explicitly wishes to answer. Rather, they are questions the user should ask to improve their understanding or to safeguard their health.
Information Goals and Explicit Questions
Part of the phone interview was focused on understanding the participants' goals in visiting the site. Participants were asked three questions during the interview that elicited responses goals. Participants sometimes stated goals in the form of actual questions, but more often in the form of informational needs. The participants often came to the site with multiple information goals. Ultimately, we identified about thirty goals separating into nine general themes.
Four of the themes, about half of the perceived goals, were in some way needing specific information. Specific needs included participants with actual questions about their condition (e.g., cause of condition, involvement of hereditary factors, matching symptoms experienced to effects of condition); participants looking for details of particular surgeries or the recovery and rehabilitation processes (generally because of upcoming surgery); participants wanting to check on their doctors' knowledge, the diagnosis they were given, or the treatment prescribed; and participants looking for current news on their condition, news about treatments, or news about exercises for their condition. Participants with these goals could have asked questions by simply restating their goal as a question.
The other five themes represent broader information needs. These goals were more general than the ones summarized above, suggesting that these needs may be more difficult to formulate into questions and may be more difficult to associate with appropriate and satisfying information. Broad information needs included patients who asked "what can I do to help myself?" and expressed a desire for "just information" or a wish for clear understanding. Patients also described looking for treatment options to minimize prescription medication, for information about their medical prognosis, and for information about how other people have handled conditions like their own.
Knowledge Gaps and Implicit Questions
We also explored knowledge needs by looking at participants' conceptions of their arthritis condition and the types of misconceptions and knowledge gaps that existed. We explicitly tried to transform misconceptions into questions that the results suggested participants "should" ask in order to refine their understanding. We dubbed questions derived from our misconception study "implicit questions" because they were not explicitly asked by web site users, yet could be inferred by the researchers. Ultimately we could envision showing these questions to users with the purpose of provoking cognitive dissonance and eventually learning. We suggest two reasons why these questions were not asked by users. First, users were unaware of errors in their assumptions and therefore did not see the need to clarify their assumptions with further questions. Second, users were unaware of the knowledge gaps between their beliefs and published results. We believe that these implicit questions can act as scaffolding for question formulation and bridge knowledge gaps through activities that help build shared knowledge.
Seven misconceptions were identified in this study. Please consult our technical report (Liu and Turns, 2001) for details. As an example, we learned that patients often mis-identify Osteoarthritis with Osteoporosis. In fact, these are two different arthritic conditions and have an inverse relationship with regard to bone density (Dequeker, et al. 1993; Dequeker, et al. 1996; Hamerman and Stanley, 1996) . Low bone density is the hallmark of Osteoporosis, while degradation of articular cartilage and imbalance in bone remodeling resulting in thickened and stiff bones are often found in Osteoarthritis (Radin, and Rose, 1986; Poole, 1997; Zhang, et al. 2000) . The lack of knowledge about bone metabolism and the mechanisms underlying Osteoarthritis further contributed to various misconceptions commonly held. Effects of these misconceptions include unwarranted fears about conditions (bone fractures, bone spurs flaking off surrounding tissues), confusion about treatments (injections, operation, alternative medicine, diets, and exercises), and a sense of hopelessness (pain, fatigue, immobility, and isolation).
Misconceptions were turned into questions by converting the seven misconception themes into seven questions, by deconstructing the misconception themes into sub-components and generating additional questions, and by grouping inter-related misconception themes into a super-ordinate category whenever feasible and generating additional questions. Sample questions from these procedures include: "Are Osteoporosis patients at higher risk of getting Osteoarthritis?" "Will bone spurs poke my nerves?" and "Do calcium deposits in the joint indicate too much calcium in my system?" Some questions represent the gaps between a patients' beliefs and current research results. Sample questions of this category include: "Will Osteoarthritis erode the bones?" "Does body type have anything to do with what kind of arthritis one might get?" and "What is the relationship between Osteoarthritis and Osteoporosis?"
Transforming the Arthritis Source into a Knowledge-building Community via a n e w design Thus far, we have gained a number of insights that have influenced our new site. We have learned that users have diverse knowledge needs, that questions are a good tool for thinking about what content to include (although questions may or may not be how users think of their activities), and that we are still learning from our users.
Informed by our research, we have developed and released a new version of the Arthritis Source. The main page of the new site is shown in Figure 2 . The new version differs from the original version in four distinct ways: (1) new interface, (2) template-based content, (3) support for question-based navigation, and (4) embedded evaluation. The new interface is characterized by a more professional appearance and by more extensive navigational support. The template-based content, question-based navigation, and embedded evaluation represent more substantive changes.
Template-based Content
We are moving toward a version of the Arthritis Source in which all content will be based on templates. The templates used in this context are a series of questions that pertain to a general class of topics and are used by the subject matter experts in the writing of articles within the topics. For example, we have developed a template for articles concerning arthritis conditions (e.g., Rheumatoid Arthritis and Osteoarthritis). Figures 2 and 3 show examples of content developed based on the template. Figure 2 shows part of an article written based on a template, while Figure 3 shows the same article with the underlying template questions displayed (i.e., in a FAQ -Frequently Asked Question -format). The questions in the template are one of the links to the research we have done. The questions included in the template (e.g., "Will my insurance pay for this treatment?" and "Will this form of arthritis affect my life style?") are based on our research concerning what learners want to know about a topic. Using this approach, we are developing learner-centric templates for a number of different arthritis-related topics (e.g., conditions, treatments, lifestyle issues, etc). Articles based on these templates will be whole entities that can be read in a natural way. At the same time, all articles based on a template will have a logical and consistent internal structure based on real questions.
Question-driven Navigation
While we anticipate that our efforts to design the content templates will create articles that are easy for users to browse because of the effort to build on users' real questions, we also recognize that the challenge of finding relevant information in a site will remain difficult, particularly as the amount of available content continues to increase. We also recognize that questions can play a major role in how some users seek information. Thus, we are exploring the design of a question-based navigational interface. This interface is depicted in Figures 5 and 6.
As shown in the top portion of Figure 4 , users of the Arthritis Source can search the site and access content by asking free-text questions. After the user inputs a question, the system returns five questions determined to be similar to the user's question (see Figure 5 ). The user sees the five questions returned as search results, each paired with an article title and introductory sentence. At that point, the user has three options:
(1) If the user chooses any of the offered questions, he or she can follow the link directly to that article. The link takes the user directly to the relevant portion of the article. At that point, the user can read the relevant portion of the article as well as explore the contents of the entire article.
(2) If the user is not satisfied with any of the system-provided questions, the system provides an opportunity for the question to be restated (bottom left of Figure 5 ). From Figure 6 , it is possible to note that when users are restating their questions, they have access to the search results from their first search showing other types of questions that are in the system. This information may serve as a scaffold for their questionasking efforts.
(3) If the user is unable to rephrase the question in a way that yields results satisfying their information need, they have the opportunity to submit the question directly to the site developers so that we can decide how to improve the site (see bottom right of Figure 5 ). Our response depends on whether the question could have been addressed with relevant site content but the information was not returned by the search engine (so we change metadata), the question requires information not currently available on the site (so we change content or even templates), or the question is outside of the scope of the site (and we respond directly by email). 
Embedded Evaluation
A final central feature to our revised Source is an emphasis on embedded evaluation opportunities. We are endeavoring to provide many avenues by which we can hear from our users. For example, in our question-based navigation interface, we are inviting users to evaluate the appropriateness of each of the search results returned by the search engine. We can use this information to identify aspects of the site that are not working well.
CONCLUSIONS
This implementation of the Arthritis Source transforms the Arthritis Source from a static information source to the continually evolving product of a knowledge building community. This implementation blurs the boundaries between the creators (the content authors and the information designers) and the consumers (the users) of the information. This implementation of the Arthritis Source provides a means by which the users, content authors, and information designers become members of a community jointly influencing decisions concerning the scope and organization of the knowledge source. The ongoing choice of articles and the sequence of their content is the result of a collaboration between arthritis patients and site designers in which the designers learned about the patients' information needs via efforts to understand our community of learners, as described earlier. Users' efforts to construct their own knowledge with this site can now be seen as a collaboration between these users, earlier users who influenced the content, and the content authors and information designers. In the future, we hope to allow users to contribute to the knowledge embedded in the site by sharing with later users the paths taken through the site and the links created between separate articles. We hope to make the knowledge-building process more visible by showing both system-type questions and actual text input by other users.
GETTING THERE: CHALLENGES AND OPPORTUNITIES
At this stage, we still have a number of important and significant challenges to address. First, we have the challenge of assessing the individual and/or community learning that results from this enhanced architecture. We need to develop an assessment strategy that is sensitive to the types of learning that may stem from the proposed system. This assessment strategy also needs to take into account the distributed nature of the learners (learners at large) as well as the possibly informal nature of their learning. We have attempted to begin this assessment practice using simple logfile analysis, later to be extended into path analysis and combined with other data to build detailed pictures of how learners interact with the site over time. We are also in the process of developing and implementing a series of interactive tools based on the Classroom Assessment Tools described by Thomas Angelo and Patricia Cross (1993) . These tools will include several types of assessment and provide ongoing insight to the learners' knowledge and beliefs around arthritis.
Second, we have procedural challenges relating to content creation. New content has to be generated by our experts both when new articles are identified and when learners submit questions that demand additional information. We are exploring various options for directing unanswered user questions to the correct content experts in order to generate new content for the site. This issue will need to be meshed with our efforts to design and use templates as a means of communicating the users' needs to the authors. Finally, we have challenges regarding implementation of the question-based navigation. We are using a natural language approach to match user questions with the questions and answers that are stored in our template-based information repository. The current implementation is a very basic process that we intend to polish over time. The efforts involved in developing a working natural language search system may ultimately not only provide us with a technical solution but also with greater insight into the specific nature of users' questions and the links to our content.
CONTRIBUTIONS TO THE CSCL COMMUNITY
In this paper we have described our work on transforming the Arthritis Source from a static medical information website into a information-rich website embodying features of a knowledge-building community. This work represents a useful contribution to the CSCL community because of the way common CSCL themes (specifically knowledge-building community and collaboration) are explored in learning situations that differ somewhat from traditional CSCL work. In particular, the work with the Arthritis Source concerns learners-at-large, rather than learners in traditional classroom settings. These learners are learning about personal topics, rather than imposed topics and are learning at their own pace. By applying CSCL theory to this type of environment we can test the robustness of the theoretical frameworks as well as identify (and potentially resolve) new challenges. We are excited by this opportunity.
